Crystallographic end-stations require a significant investment in state-of-the-art equipment, as well as a significant effort in software development. The equipment often sits idle during annual maintenance shutdowns. In order to utilize the existing hardware and software during these shutdowns, we installed a sealed-tube microsource X-ray generator in the beamline 9-2 hutch at Stanford Synchrotron Radiation Laboratory. A multi-layer optic provides good flux and spectral purity. The small physical size of the source, the long optic to focus distance (635 mm) and the short source to optic distance (65 mm) allowed the use of existing beamline components, without any significant modification. The system replaces a short section of beam pipe upstream of the beam conditioning slits and shutter. The system can be installed and removed from the beamline in less than 1 day.
Introduction
Synchrotron end-stations for macromolecular crystallography represent a significant investment in both hardware and software [1] [2] . The equipment is utilized continuously by the user program throughout the run. However, each year there is a period of several months without user beam. These annual shutdowns of the ring are necessary to maintain and upgrade the storage ring and beamlines, in order to ensure reliable operation of the machine for the next user run. During years in which there is no upgrade to the endstation, the detector, goniostat, and automated sample changing equipment sit idle.
Large scale projects like structural genomics generate a steady supply of new crystals to be evaluated [3] . The demand for crystal screening results does not diminish during the synchrotron shutdowns. When the ring is down for maintenance, all users must analyze and collect their samples elsewhere.
Here we describe the installation of a compact sealed-tube X-ray generator in the SSRL BL 9-2 hutch. The system allows us to make continued use of the endstation equipment for crystal screening and beamline development work during extended shutdown periods.
X-ray microsource
The X-ray generator system we selected for installation during the SPEAR- The key benefits of the MicroMAX-002 system for our installation are the compact size of the unit and the long optic to focus distance. This simplified the installation and integration on the beamline. The only moving parts are the safety shutter and the water chiller pump. This results in a reliable system with low yearly maintenance requirements.
Beamline installation
Since 2003, we have installed the X-ray source in the BL 9-2 hutch at SSRL during the annual shutdown. The installation requires the removal of a section of beam pipe, an ion chamber and some attenuation filters. We then mount X-ray tube and optic assembly to a fixed support at the front of the beamline table. We can then align the table to the beam using the same table motions we use to align to the synchrotron beam. The support rails were designed to facilitate easy installation and removal of the system. We can install or remove the system in less than a day.
Provided the environmental and cooling water temperatures are maintained, the beam intensity and position remain constant. We have not found it necessary to realign the system after the initial alignment at the start of each shutdown.
Results
As one of the large-scale production centers for structural genomics under phase II of the NIH Protein Structure Initiative (http://www.nigms.nih.gov/Initiatives/PSI/), the JCSG (www.jcsg.org) has built a high-throughput pipeline, which automates all of the Page 4 of 10 An X-ray microsource based system for crystal screening and beamline development during synchrotron shutdown periods major experimental steps in the structure determination process from target selection through submission to the Protein Data Bank (PDB). The JCSG currently screens approximately 570 crystals per week. The joint development with the SSRL SMB group of the SAM system for automated screening has been essential for handling this large number of samples [5] [6] .
The installation of the X-ray generator allowed the JCSG to continue screening during the shutdowns. A summary of the number of crystals screened with the microsource during the shutdowns is shown in Table 1 Prescreening the crystals before data collection trips to the Advanced Photon Source (Argonne, IL) and the Advanced Light Source (Berkeley, CA) has proven to be much more efficient than screening on beamlines without automated sample changers, greatly reducing the amount of beamtime needed.
The microsource screening system has also been used for several user training workshops during the shutdowns. It allowed users to become familiar with the operation of the new sample changing hardware and software interfaces prior to the start of the user run.
Future plans
With the high demand for macromolecular crystallography beamtime, it is often difficult to find time for beamline development during the user run. Maintenance and shutdown periods allow development work to take place without impacting the user schedule. However, some beamline testing absolutely requires the use of X-rays. The availability of an X-ray generator at a beamline can enable testing of new components during synchrotron down times. Utilizing the system for hardware development work that Page 
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Plans are underway to build an off-line simulator beamline that can house the microsource for beamline development and screening during the user run. We are also planning to purchase a second microfocus X-ray generator for installation at beamline 1-5.
Conclusions
The X-ray generator has been beneficial for the ongoing crystal screening required for JCSG. The reliability and ease of use have minimized the operational overhead of the system. Microfocus X-ray generators provide a means to utilize existing equipment that would otherwise remain idle during the annual shutdown. 
